Mutating the four extracellular cysteines in the chemokine receptor CCR6 reveals their differing roles in receptor trafficking, ligand binding, and signaling.
CCR6 is the receptor for the chemokine MIP-3 alpha/CCL20. Almost all chemokine receptors contain cysteine residues in the N-terminal domain and in the first, second, and third extracellular loops. In this report, we have studied the importance of all cysteine residues in the CCR6 sequence using site-directed mutagenesis and biochemical techniques. Like all G protein-coupled receptors, mutating disulfide bond-forming cysteines in the first (Cys118) and second (Cys197) extracellular loops in CCR6 led to complete elimination of receptor activity, which for CCR6 was also associated with the accumulation of the receptor intracellularly. Although two additional cysteines in the N-terminal region and the third extracellular loop, which are present in almost all chemokine receptors, are presumed to form a disulfide bond, this has not been demonstrated experimentally for any of these receptors. We found that mutating the cysteines in the N-terminal domain (Cys36) and the third extracellular loop (Cys288) neither significantly affected receptor surface expression nor completely abolished receptor function. Importantly, contrary to several previous reports, we demonstrated directly that instead of forming a disulfide bond, the N-terminal cysteine (Cys36) and the third extracellular loop cysteine (Cys288) contain free SH groups. The cysteine residues (Cys36 and Cys288), rather than forming a disulfide bond, may be important per se. We propose that CCR6 forms only a disulfide bond between the first (Cys118) and second (Cys197) extracellular loops, which confines a helical bundle together with the N-terminus adjacent to the third extracellular loop, creating the structural organization critical for ligand binding and therefore for receptor signaling.